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A Cartesian Coordinate Robot for Dispensing Fruit Fly Food
Matthew T. Wayland and Matthias Landgraf
The fruit fly, Drosophila melanogaster, continues to be one of the most widely used model organisms in 
biomedical research. Though chosen for its ease of husbandry, maintaining large numbers of stocks of 
fruit flies, as done by many laboratories, is labour-intensive. One task which lends itself to automation 
is the production of the vials of food in which the flies are reared. Fly facilities typically have to gener-
ate several thousand vials of fly food each week to sustain their fly stocks. The system presented here 
combines a cartesian coordinate robot with a peristaltic pump. The design of the robot is based on an 
open hardware CNC (computer numerical control) machine, and uses belt and pulley actuators for the X 
and Y axes, and a leadscrew actuator for the Z axis. CNC motion and operation of the peristaltic pump 
are controlled by grbl (gnea 2018), an open source, embedded, G-code parser. Grbl is written in optimized 
C and runs directly on an Arduino. A Raspberry Pi is used to generate and stream G-code instructions to 
Grbl. A touch screen on the Raspberry Pi provides a graphical user interface to the system. Whilst the 
robot was built for the express purpose of filling vials of fly food, it could potentially be used for other 
liquid handling tasks in the laboratory.
Keywords: open source; Drosophila; CNC; liquid handling; Cartesian coordinate robot; Arduino; Raspberry 
Pi; G-code
Metadata Overview
•	 Hardware	 design	 files:	 https://doi.org/10.5334/
joh.9.s1.
•	 Software	 source	 code:	 https://doi.org/10.5281/ze-
nodo.846812.
•	 User	 manual:	 https://waylandm.github.io/fly-
food-robot/	 (archived	with	 software	 source	 code	 in:	
	https://doi.org/10.5281/zenodo.846812).








For	more	 than	 100	 years	 the	 fruit	 fly,	Drosophila mela-
nogaster,	 has	 served	 as	 a	 genetic	 model	 system	 for	 the	




fied	with	confidence	 in	Drosophila,	 illustrating	the	 large	
degree	 of	 evolutionary	 conservation	 that	 has	 informed	
many	studies	 (Held,	 Jr	2017).	Moreover,	 the	fruit	 fly	was	
the	model	system	for	pioneering	work	that	revealed	the	
fundamental	 principles	 of	 genetic	 inheritance,	 speci-
fication	 of	 body	 plans,	 innate	 immunity	 and	 circadian	




model	system	is	 its	straight	 forward	maintenance	 in	the	
laboratory	environment.	This	enables	 scientists	 to	breed	
large	 numbers	 of	 flies,	 and	 to	 generate	 and	 keep	 large	
numbers	of	genetically	distinct	 stocks	with	 relative	ease	




yeast,	 agar	 and	 wheat	 flour	 in	 a	 kettle.	 Fungicides	 and	
antibiotics	are	added	to	prevent	spoilage	by	microorgan-
isms.	Optionally	dyes	may	be	used	to	colour	code	batches.	
Food	 must	 be	 dispensed	 into	 vials	 whilst	 it	 is	 molten	
(above	50°C),	as	it	solidifies	at	room	temperature.
In	 the	 fly	 facility	 of	 the	 Department	 of	 Zoology,	
University	of	Cambridge,	 vials	used	 to	be	 filled	one	at	a	
time	by	 a	 technician	using	a	neoprene	 tube	and	a	peri-
staltic	 pump.	 One	 end	 of	 the	 neoprene	 tube	 would	 be	
anchored	in	the	kettle	of	food	and	the	other	inserted	into	
the	 vial	 to	 be	 filled.	 The	 technician	 would	 activate	 the	
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Overall Implementation and Design
Overview
Vials	 are	 stored	 in	 cardboard	 boxes	 in	 a	 10	 ×	 10	 grid.	
This	 ordered	 arrangement	 facilitates	 automated	 filling	
using	a	robot	with	three	axes	of	motion	(Figures 2	and	
3).	 Coordinated	 movement	 of	 the	 x,	 y	 and	 z	 actuators	
places	a	dispensing	nozzle	over	 the	mouth	of	a	vial	and	
















Figure 1:	A	vial	of	 fruit	 flies.	The	 food	 is	at	 the	bottom	
of	the	vial	and	the	flies	can	be	seen	crawling	over	the	
inside	wall.	Green	dye	has	been	 added	 to	 the	 food	 to	
identify	the	batch;	normally	the	colour	of	fly	food	is	pale	
yellow/brown.	 The	 vial	 has	 a	 height	 of	 80	mm	 and	 a	
diameter	of	25	mm.
Figure 2:	System	architecture.
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per	 motors	 directly	 and	 so	 a	 gShield	 (Synthetos	 2018c;	
	Synthetos	 2018b)	 is	 required	 to	 provide	 the	 hardware	
interface	(Figure 3).	Header	pins	on	the	gShield	enable	it	
to	be	mounted	directly	on	top	of	an	Arduino	Uno.




controllers	 are	 available,	 and	 could	 potentially	 be	 used	
in	this	build.	For	example,	 the	 functions	of	 the	Arduino	
Uno	 and	 gShield	 are	 combined	 in	 the	 SmoothieBoard	
(smoothieboard	 2018)	 and	 the	 TinyG	 (Synthetos	 2018a;	
Synthetos	 2018d).	 The	 SmoothieBoard	 and	 TinyG	 each	
have	their	own	open	source	G-code	parser.
For	 this	 project,	 some	 minor	 modifications	 to	 the	
“routy”	design	were	required,	including:
























Wayland and Landgraf: A Cartesian Coordinate Robot for Dispensing Fruit Fly FoodArt. 3, page 4 of 8






•	 The	 pump	 can	 be	 operated	 by	 remote	 control	 (via	
	cable),	 which	 is	 prerequisite	 for	 integration	 into	 a	
	robotic	system.
•	 We	had	one	at	our	disposal.
A	promising	open	hardware	alternative	 to	 this	 commer-
cial	 pump	 has	 been	 developed	 by	 iGEM	 (International	








be	 switched	 from	 clockwise	 (CW)	 rotation	 to	 counter-
clockwise	(CCW)	rotation	by	closing	contact	between	pins	
11	 and	 12.	 In	 the	 operation	 of	 a	 CNC	 router	 Grbl	 uses	
Arduino	pins	A3	and	D13	for	enabling	coolant	and	chang-
ing	 spindle	 direction	 respectively.	 Here	 we	 use	 A3	 for	
pump	stop/start	and	D13	for	pump	direction	(CW/CCW).	
Two	 optocouplers	 are	 used	 to	 connect	 the	 Arduino	 to	















over	a	 custom	printed	circuit	board,	because	 (i)	 it	 can	be	








We	 chose	 a	 Raspberry	 Pi,	 on	 the	 basis	 of	 its	 small	 foot-
print,	low	energy	consumption,	and	low	cost.
User interface to control system
A	 touchscreen	 attached	 to	 the	 Raspberry	 Pi	 presents	 a	
graphical	user	interface	(GUI)	to	the	operator	of	the	robot	




















•	 A	 SmoothieBoard	 (Smoothieboard	 2018)	 or	 TinyG	
















Entanglement or entrapment in moving parts
Precautions	should	be	taken	for	loose	hair,	clothing,	jew-
ellery	and	other	items	so	that	they	are	not	caught	in	the	
machine.	 Trays	 of	 vials	 should	 be	 loaded	 and	 unloaded	
when	 the	 actuators	 of	 all	 three	 axes	 are	 stationary.	 The	
touchscreen	handset	allows	the	operator	to	start	and	stop	
jobs	while	standing	well	clear	of	the	moving	parts.





Before	 the	 robot	 can	be	used,	 it	 is	 essential	 to	 calibrate	
the	 motion	 of	 the	 actuators,	 determine	 the	 cartesian	
coordinates	 of	 the	 vials	 to	 be	 filled,	 calibrate	 the	 flow	





Calibration of actuator motion
The	step	size	(steps/mm)	of	the	stepper	motor(s)	on	each	










Determination of vial coordinates
The	platform	of	 the	robot	can	accommodate	 two	boxes,	
each	 containing	 100	 vials	 (Fisher	 Scientific	 2018).	 The	
guide	 rail	 and	 fence	 ensure	 that	 the	 boxes	 are	 always	
placed	 in	 the	 same	position	 (Figure 4).	 The	 robot	must	
be	given	 the	 coordinates	of	 every	 vial	 to	be	 filled.	 If	we	
know	the	xy	coordinates	of	the	vials	in	diagonally	oppo-
site	corners	of	a	box,	we	can	calculate	the	coordinates	of	









Calibration of the flow rate of the peristaltic pump
To	maximize	speed	the	peristaltic	pump	is	run	at	its	maxi-
mum	flow	rate	of	30	ml/second.	In	our	fly	facility,	we	add	
8	ml	of	 food	 to	 each	 vial,	 therefore	based	on	 the	maxi-
mum	flow	rate,	we	should	only	need	to	run	the	pump	for	
0.27	seconds	to	dispense	8	ml	of	food.	However,	there	is	























Protocol	 and	 script	 for	 generating	 G-code	 programs:	
https://perma.cc/G94Y-BED4.






  2volume r h 	 (1)
where	 r	 is	 the	 internal	 radius	 of	 the	 vial	 and	 h	 is	 the	
depth	of	food.	The	estimated	volume	of	food	in	each	vial	













However,	all	errors	 involved	a	prototype	of	 the	 software	
user	 interface,	where	 the	 operator	would	 tap	 a	 desktop	





oped	 using	 TkInter	 (Tkinter	 2018),	 prevents	 more	 than	

















many	 tasks	 in	 the	 laboratory,	 such	 as	moving	 a	 camera	















Availability of materials and methods
All	materials	are	readily	available	from	online	suppliers.	A	
complete	 bill	 of	 materials,	 including	 URLs	 of	 vendors,	 is	





be	 substituted	with	 a	 device	 of	 similar	 specification.	 The	
gShield	 is	 one	of	 several	 CNC	motion	 controllers.	 Should	
production	 of	 the	 gShield	 cease,	 suitable	 alternatives	
include	 the	 SmoothieBoard	 (Smoothieboard	 2018)	 and	




parts	 (tube	 mount,	 platform	 and	 fence	 rails).	 A	 mitre	
(chop)	 saw	 is	 needed	 to	 cut	 the	 V-Slots™	 Aluminium	
extrusion.
Ease of build
The	 robot	 can	 be	 assembled	 using	 standard	 workshop	




instructions	 on	 software	 installation	 and	 configuration	
are	 provided	 on	 github:	 https://waylandm.github.io/
fly-food-robot/	 (archived	 in	 https://doi.org/10.5281/
zenodo.846812).
Operating software and peripherals

















•	 Raspberry	 Pi	 version	 3	 (Raspberry	 Pi	 Foundation	
2018).	 Earlier	 versions	 can	 potentially	 be	 used,	 but	
may	require	a	different	touch	screen.
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•	 Adafruit	 PiTFT	 Plus	 320	 ×	 240	 2.8″	 TFT	 +	 Resistive	
Touchscreen	(Adafruit	2018b).
•	 Arduino	Uno,	which	 is	open	source	hardware	under	
the	 Creative	 Commons	 Attribution	 Share-Alike	 li-
cense	(Arduino	2018).
•	 Arduino	gShield	(Synthetos	2018c;	Synthetos	2018b)	
provides	 the	 hardware	 implementation	 of	 the	 Grbl	
CNC	motion	control	system.
•	 Cole-Parmer	Masterflex	Peristaltic	Pump	(Cole-Parmer	
2018).	 This	 commercial	 pump	 could	 potentially	 be	
substituted	with	an	open	hardware	peristaltic	pump.
•	 V-Slot™	 Aluminium	 Extrusion	 by	 OpenBuilds	 is	 li-
censed	under	the	Creative	Commons	–	Attribution	–	
Share	Alike	license	(OpenBuilds	2018).
Hardware documentation and files location






Software source code repository












rials,	 excluding	 pump,	 was	 £650)	 and	 reliable	 tool	 for	
automating	 the	 production	 of	 vials	 of	 fly	 food.	 It	 does	
not	provide	greater	speed,	accuracy	or	precision	than	a	
human	operator	of	a	peristaltic	pump.	However,	it	does	
release	skilled	 technicians	 from	a	 tedious	 task	 that	car-
ries	the	risk	of	repetitive	strain	injury	(El-Helaly,	Balkhy,	
and	Vallenius	2017).	The	entire	system	can	be	built	and	





robot	 from	 scratch	 would	 be	 a	 technically	 challenging	
task,	 beyond	 the	 skill	 set	 of	 the	 authors,	 who	 have	 no	
formal	training	 in	engineering.	However,	by	building	on	
existing	 open	 hardware	 (OpenBuilds	 “routy”,	 Arduino,	










ware	 alternative	 (e.g.	 iGEM	 Aachen	 2018b),	 would	











•	 Further	 experimentation	 and	 testing	 is	 required	 to	
determine	 if	 the	 actuators	 can	 reliably	 be	 driven	 at	
higher	speed	and	acceleration,	and	thus	increase	the	
rate	at	which	vials	are	filled.




















sity	 of	 Cambridge)	 for	 helpful	 discussions.	 This	 project	
would	 not	 have	 been	 possible	 without	 the	 Cambridge	
Makespace	 (http://makespace.org/).	 We	 would	 like	 to	









ML	 conceived	 the	 idea	 of	 modifying	 a	 CNC	 router	 to	
dispense	 fruit	 fly	 food.	MTW	built	 and	documented	 the	
robot.	MTW	wrote	the	first	draft	of	the	manuscript,	which	
was	improved	by	feedback	from	ML.
Wayland and Landgraf: A Cartesian Coordinate Robot for Dispensing Fruit Fly FoodArt. 3, page 8 of 8
References
Adafruit	 2018a	Adafruit PiTFT 2.8″ touchscreen display 
for Raspberry Pi: Easy install.	 Perma	 Link:	 https://
perma.cc/HR9B-GWRZ	(visited	on	06/16/2018).
Adafruit	 2018b	Adafruit PiTFT 2.8″ touchscreen display 
for Raspberry Pi: Overview.	 Perma	 Link:	 https://
perma.cc/Y45B-RBXJ	(visited	on	06/16/2018).
Adafruit	 2018c	 Raspberry Pi installer scripts: adafruit-
pitft.sh.	 Perma	 Link:	 https://perma.cc/TCE6-U8M8	
(visited	on	06/16/2018).
Arduino	 2018	 Arduino.	 Perma	 Link:	 https://perma.cc/
YSS9-QKM2	(visited	on	06/16/2018).
Banović, L	 and Vihar, B	 2018	 “Development	 of	 an	
Extruder	for	Open	Source	3D	Bioprinting”.	In:	Jour-
nal of Open Hardware,	2(1):	1.	ISSN:	2514-1708.	DOI:	
https://doi.org/10.5334/joh.6




Carew, M	2018	ROUTY CNC Router (V-Slot Belt and Pin-
ion).	Perma	Link:	https://perma.cc/FN2W-7F58	(vis-
ited	on	06/16/2018).
Cole-Parmer	 2018	 Masterflex L/S: An accurate digital 
pump drive for critical metering and dispensing 
applications.	 Perma	 Link:	 https://perma.cc/8WKG-
T3D6	(visited	on	06/16/2018).
El-Helaly, M, Balkhy, HH	and	Vallenius, L	2017	“Carpal	
tunnel	 syndrome	among	 laboratory	 technicians	 in	
relation	to	personal	and	ergonomic	factors	at	work”.	
In:	Journal of Occupational Health,	59(6):	513–520.	
DOI:	https://doi.org/10.1539/joh.16-0279-OA
Fisher Scientific	2018	Drosophila products and supplies.	
Perma	 Link:	 https://perma.cc/H252-Y5YK	 (visited	
on	06/27/2018).
gnea	 2017	 Grbl v1.1f (2017-08-01) Release.	 Perma	
Link:	 https://perma.cc/K26Y-7BY4	 (visited	 on	
08/01/2017).
gnea	 2018	Grbl: An open source, embedded, high perfor-
mance g-code-parser and CNC milling controller writ-
ten in optimized C that will run on a straight Arduino.	
URL:	 https://github.com/gnea/grbl	 (visited	 on	
06/17/2018).
Held, LI, Jr.	 2017	 Deep Homology? Uncanny Similari-
ties of Humans and Flies Uncovered by Evo-Devo.	
Cambridge:	 Cambridge	 University	 Press.	 ISBN:	
9781316601211.
iGEM Aachen	 2018a	 Hardware.	 Perma	 Link:	 https://
perma.cc/2VCJ-4XRF	(visited	on	06/16/2018).
iGEM Aachen	 2018b	 Precise peristaltic pump.	 Perma	
Link:	 https://perma.cc/N6GQ-LDZZ	 (visited	 on	
06/16/2018).
Manchester Fly Facility	 2018	 Why the fly?	 Perma	
Link:	 https://perma.cc/PNQ3-Y7EP	 (visited	 on	
02/03/2018).
OpenBuilds	 2018	 OpenBuilds.	 Perma	 Link:	 https://
perma.cc/Q6SW-ZLCS	(visited	on	06/16/2018).
Raspberry Pi Foundation	 2018	 Raspberry Pi.	 Perma	
Link:	 https://perma.cc/WSG5-BVHF	 (visited	 on	
06/16/2018).
Smoothieboard	 2018	 Smoothieboards.	 Perma	 Link:	
https://perma.cc/US2N-UA2W	 (visited	 on	
06/16/2018).
Synthetos	2018a	Affordable Industrial Grade Motion Con-
trol.	URL:	https://github.com/synthetos/TinyG	(vis-
ited	on	06/17/2018).
Synthetos	 2018b	Arduino gShield: Archived source code 
and hardware design files.	 Perma	 Link:	 https://
perma.cc/B2WM-D2LF	(visited	on	06/17/2018).
Synthetos	 2018c	The Arduino gShield: A complete hard-
ware solution the grbl CNC motion control software.	
URL:	https://github.com/synthetos/grblShield	(vis-
ited	on	06/17/2018).
Synthetos	2018d	TinyG: Archived source code and hard-
ware design files.	 Perma	 Link:	 https://perma.
cc/67Y7-RAJM	(visited	on	06/17/2018).
Tkinter	 2018	 Tkinter wiki.	 Perma	 Link:	 https://perma.
cc/9VGV-RGVN	(visited	on	06/16/2018).
Wikipedia	 2018a	 Cable carrier.	 Perma	 Link:	 https://
perma.cc/D87F-9QTG	(visited	on	06/16/2018).
Wikipedia	 2018b	 G-code.	 Perma	 Link:	 https://perma.
cc/2MQN-TX97	(visited	on	06/16/2018).
How to cite this article: Wayland, MT and Landgraf, M 2018 A Cartesian Coordinate Robot for Dispensing Fruit Fly Food. 
Journal of Open Hardware, 2(1): 3, pp. 1–8, DOI: https://doi.org/10.5334/joh.9
Published: 31 July 2018
Copyright: © 2018 The Author(s). This is an open-access article distributed under the terms of the Creative Commons 
Attribution 4.0 International License (CC-BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original author and source are credited. See http://creativecommons.org/licenses/by/4.0/.
 
                          OPEN ACCESS Journal of Open Hardware is a peer-reviewed open access journal published by Ubiquity 
Press.
